Soluble lactate dehydrogenase (EC 1.1.1.27) extracted from brain, skeletal and cardiac muscle and liver ofrats, and purified isoenzymes LDH-1 and LDH-5, were incubated with sodium deoxycholate. Deoxycholate almost totally inactivated isoenzyme LDH-5 (A4), whereas it left isoenzyme LDH-1 (B4) unaffected. Tissue lactate dehydrogenase was inactivated to different degrees depending on the origin of the enzyme. Electrophoretic isoenzyme studies of tissue lactate dehydrogenase showed the loss of activity to be quantitatively related to the overall percentage of subunit A distributed among the homotetramer LDH-5 and the heterotetramers LDH-2, LDH-3 and LDH-4. It was concluded that subunit A of lactate dehydrogenase interacts selectively with deoxycholate, irrespective of its association with subunit B. Distinct changes in electrophoretic mobilities of deoxycholate-treated isoenzymes strongly indicated an indiscriminate binding of deoxycholate by all LDH isoenzymes, probably through hydrophobic interactions. The results suggest that the inactivation of the enzyme is non-competitive, but the basis of the selectivity of deoxycholate towards subunit A is not known at present.
Anionic bile salts do not usually denature proteins, unlike strong ionic detergents such as sodium dodecyl sulphate and others. Because of their 'mild' action, preserving the functional and structural integrity of proteins, they are now widely used to solubilize both hydrophilic and hydrophobic membrane-bound proteins (Tzagoloff & Penefsky, 1971; Helenius & Simons, 1975) . Neutral detergents may serve the same purpose, and Triton X-100 was used to release membrane-bound creatine kinase (Berlet et al., 1977) and lactate dehydrogenase (EC 1.1.1.27) (Berlet & Lehnert, 1978) from rat brain particles without concomitant loss of enzyme activity. Subsequent comparative studies with sodium deoxycholate resulted, however, in a considerable loss of soluble lactate dehydrogenase activity at higher concentrations of deoxycholate, whereas low concentrations of the detergent solubilized the membrane-bound enzyme intact (T. Lehnert, unpublished work) .
Because the loss of lactate dehydrogenase activity of brain extracts was only partial, it was considered that deoxycholate might interact with individual isoenzymes in a selective way, all five molecular forms of the enzyme being present in brain (Wieland et al., 1959) . To verify this assumption advantage was taken of the fact that other rat tissues exhibit different iso-enzyme patterns (cf. Wilkinson, 1970) , so that a specific interaction of deoxycholate with a particular isoenzyme might be recognized easily. Soluble lactate dehydrogenase of several rat tissues was therefore treated with deoxycholate and the degree of inhibition was related to results of electrophoretic isoenzyme studies.
Materials and Methods Chemicals
All chemicals were of analytical grade and were obtained from Merck, Darmstadt, Germany. NAD+ and NADH were supplied by Boehringer, Mannheim, Germany, as were preparations of purified isoenzymes LDH-1 and LDH-5. On electrophoresis the isoenzyme preparations proved to be homogeneous when stained for the enzyme activity. Triton X-100 was purchased from Merck, and sodium deoxycholate from Serva, Heidelberg, Germany. Materials for electrophoresis were also supplied by Serva.
Analytical
Assay of lactate dehydrogenase. Enzyme activity was determined spectrophotometrically at 25°C and 366nm (Bergmeyer & Bernt, 1970 Lowry et al. (1951) , with bovine serum albumin as standard.
Electrophoresis. Separation ot LDH isoenzymes was performed by standard methods. Briefly, 1 % agar-gel slides were run at a constant 200V and 8°C, in 43 mM-sodium acetate/43 mM-sodium diethylbarbital buffer, pH 8.2 (I= 0.1). Slides were stained as described elsewhere (Berlet & Lehnert, 1978) (Berlet et al., 1977; Berlet & Lehnert, 1978) .
Isoenzyme suspensions containing (NH4)2SO4 were freshly diluted (1: 200) in 0.1 54M-NaCl to give a protein concentration of 25mg/litre and incubated as described above.
Results
The activities oftotal soluble lactate dehydrogenase of brain, cardiac and skeletal muscle and liver are listed in Table 1 . Samples of these extracts were incubated with various concentrations of deoxycholate or Triton X-100 at 25°C for 1 h throughout, since this time period proved to be adequate for the full effect of deoxycholate to develop ( Experiments with purified lactate dehydrogenase confirmed the particular lability of the homotetramer A4 towards deoxycholate. When either isoenzyme LDH-1 from pig heart or isoenzyme LDH-5 from rabbit muscle was incubated with deoxycholate the latter lost its activity almost entirely, whereas the former remained unaffected (Table 3 ). The course of inactivation of isoenzyme LDH-5 was similar to that found with tissue extracts, although somewhat lower concentrations of deoxycholate were sufficient to accomplish full inactivation. Control experiments with Triton X-100 failed to elicit any inhibitory or differential effect on both homotetramers, nor was lactate dehydrogenase of tissue extracts affected by Triton X-100 at all even though the incubation time was prolonged to 90min.
The enzyme activity was compared with the elecVol. 177 trophoretic isoenzyme patterns of deoxycholatetreated tissue extracts (Fig. 2) . The bands attributable to isoenzymes LDH-5 and LDH-4 disappeared completely at detergent concentrations at which losses of activity had been observed spectrophotometrically. However, isoenzymes LDH-3 and LDH-2 were still detectable, though staining was less intense, and the band representing isoenzyme LDH-1 appeared to become even stronger at high detergent concentrations.
Since equal sample volumes were applied to the gels and run together under identical conditions, increased peak areas on scanning indicated an activation of the isoenzyme by about 60 % at maximum deoxycholate concentrations compared with the peak area at 1.Og of deoxycholate/litre (Fig. 3) . Fig. 3 A4  B4  A4   104  90  81  80  102  92  107  100  113  15  99  88   95  16  96  90  96  18  98  92  94  14  92  95  94  10  98  100 Discussion Selective inactivation of lactate dehydrogenase The experiments with pure homotetramers of lactate dehydrogenase have shown that deoxycholate exclusively interferes with the catalytic activity of isoenzyme LDH-5. In keeping with these results was the complete inactivation of lactate dehydrogenase of skeletal muscle and liver respectively, known to consist of isoenzyme LDH-5 predominantly, if not exclusively (Wieland et al., 1959 Interaction ofdeoxycholate with protein
The interaction of detergents with protein has been reviewed by Makino et al. (1973) and Tanford (1973) . Generally hydrophilic proteins do not bind deoxycholate. In our study, however, changes in electrophoretic migration rates (Fig. 3) of preincubated tissue lactate dehydrogenase strongly suggest that the different enzyme forms bind deoxycholate. Since both deoxycholate and Triton X-100 are believed to associate primarily hydrophobically with hydrophobic domains of proteins (Helenius & Simons, 1972) , free carboxy groups of deoxycholate, which are predominantly ionized at the electrophoretic pH of 8.2 (pKa of deoxycholate 6.58), are likely to confer a higher overall negative charge on the enzyme molecule.
Hydrophilic membrane proteins may contain specific hydrophobic segments (Spatz & Strittmatter, 1971) , besides hydrophobic residues on the surface (Klotz, 1970) . The latter may arise from non-polar side chains of the amino acids alanine and valine as well as from the aromatic moiety ofphenylalanine and tryptophan, possibly centred around crevices at subunit junctions (Yon, 1978) . The amino acid analysis of lactate dehydrogenase isoenzymes has indeed shown previously that the percentage of hydrophobic amino acids is higher in subunit A than in subunit B (Wachsmuth et al., 1964) . The association of isoenzyme LDH-5 with structural elements of rat brain and its particular resistance to the solubilizing effect of Triton X-100 (Berlet & Lehnert, 1978) (Carey & Small, 1972) may force a possibly slight conformational change on subunit A sufficient to affect the active centres of the enzyme. This effect could be enhanced by repulsive forces of the charged groups of bound deoxycholate, facing away from the protein surface towards each other and pushing apart adjacent hydrophobic segments of subunit A. In turn bulkiness and lack of polarity would render Triton X-100 ineffective compared with deoxycholate.
A complete loss of activity of lactate dehydrogenase brought about by a detergent was previously observed when sodium dodecyl sulphate dissociated the enzyme into its subunits (Di Sabato & Kaplan, 1964) . However, in view of the residual activity of the heterotetrameric isoenzymes in this study, such a mechanism is to be disregarded, for neither monomers nor dimers of lactate dehydrogenase retain catalytic activity (Markert & Massaro, 1968; Chan & Mosbach, 1976) .
The effect of bile salts on isoenzyme LDH-5 may have pathophysiological implications in disease conditions associated with cholestasis. As bile salts accumulate, they may eventually interfere with the isoenzyme LDH-5 of liver tissue and hence upset the hepatic carbohydrate metabolism. Deoxycholate may also prove a useful tool in chemical pathology to assay the percentages of subunits A and B of serum lactate dehydrogenase spectrophotometrically. This study was in part supported by the Deutsche Forschungsgemeinschaft.
